Anthropomorphism implies the attribution of human like emotions and cognition to non-human animals. This tendency may be conditioned by similar morphologies between mammals and is particularly important in primatology. Some neurocognitive findings suggest that prefrontal brain activity associated to conceptual learning influences anthropomorphic judgments, nevertheless, individual differences are also presented indicating that training on primate behavior may influence anthropomorphism. We identified and interpreted brain activity registered by functional magnetic resonance imaging while seven trained primatologists (39.42 ± 10.86 yr.) inferred emotions in human primates, non-human primates and non-primate animals; comparisons were made with seven matched scholars with no primatological training (38.71 ± 9.34 yr.). Primatologists manifested cerebellar, occipital and frontal activity related to sensory and motor processes when valuating humans and nonhuman primates, but not for other animals. So, primatological training and experience may elicit brain plasticity processes allowing inner motor and sensory models through frontal and cerebellar interactions.
Introduction
Anthropomorphism implies the attribution of human like emotions and cognition to other animals. This tendency discussed since Darwin's animal's emotions proposal involves complex human cognitive properties permitting the inference of other's psychological states (Kiley-Worthington, 2017) . Contemporary neurocognitive approaches to study anthropomorphism has been developed over the years; a more anthropomorphic thinking is correlated to a larger gray matter volume in the left temporo-parietal brain region involved in mentalizing (Cullen et al., 2014) . Also, the recognition of humans, non-human primates, and dogs' emotions involves the activation of the prefrontal brain region cognitively associated to causal explanations, but the degree of this activation varies according to the individuals' beliefs about the nonhuman animals' mental abilities (Spunt et al., 2017) .
Anthropomorphic attributions have been suggested as a consequence of similarities between human and non-human animals' morphologies, which may influence the accuracy to interpret complex behaviors and cognition in non-human primates and involves methodological discussions in ethology, anthropology, evolutionary psychology, conservation, or philosophy of mind (Chan, 2012; Kiley-Worthington, 2017; Spunt et al., 2017) . Emotions are particularly important in the anthropomorphic discussion since they are used as social cues to be interpreted (Spunt et al., 2016) based on occipital, parietal, frontal and cerebellar brain functions allowing inner models throughout sensory and motor processes to interpret own and others' expressions (Fusar-Poli et al., 2009) .
In this study we aimed to identify and interpret the neurofunctional correlates while trained primatologists infer emotions in human primates, non-human primates and non-primate animals, and to compare these functions with non-trained individuals. We expected frontal, occipital and cerebellar brain activity related to visual, motor and conceptual inferences when primatologists infer non-human primates' emotions.
mean age = 38.71 ± 9.34 yr.) were recruited. Participants were righthanded and had a good mental health as verified by a neuropsychiatric interview. Since empathy may influence the brain function related to inferring others' emotions (Banissy et al., 2012) , the Interpersonal Reactivity Index (Pérez-Albéniz et al., 2003) was applied to verify similar empathic attitudes in both groups (see Table 1 ). All the participants were pet owners (dogs and/or cats) and all of them signed an informed consent. The protocol was conducted in accordance with the Declaration of Helsinki and was approved by the Bioethics Committee of the Neurobiology Institute, Universidad Nacional Autónoma de México.
The functional MRI session consisted of three series alternating pictures in a block designed task implemented in the E-prime 2.0 software (e-Prime Psychology software tools, inc. Pittsburgh, Pa). Series 1 alternated four blocks of human faces and four blocks of non-human primate faces; Series 2 alternated four blocks of non-human primate faces and four blocks of non-primate animal faces; Series 3 alternated four blocks of non-primate animals faces and four blocks of human faces. Also, each series alternated four blocks of scattered faces to avoid the influence of non-face elements.
Only to control attention and induce others' emotions inferences, participants were instructed to watch each picture and to press a button using a ResponseGrip (Nordic Neurolab Bergen, Norway) when they considered the picture represented happiness.
Each block comprised 10 pictures representing the same kind of stimuli (humans, non-human primates, non-primate animals, or scattered faces) and each picture was projected during 2 s allowing a total of 40 same-kind stimuli per block. A fixation cross with 1 s duration was projected after each picture to permit the motor response indicating the inference about the projected face's emotion made by the participant.
This experimental design permitted series with a 360 s of total duration comprising four blocks with 30 s duration each one which is regularly used to detect BOLD signals and to perform reliably statistical contrasts between cognitive conditions. Also, we consider 2 s as enough time to watch each picture considering previous designs to evaluate emotions reported by our group (p.e. Mercadillo et al., 2011) as well as by reports focused on anthropomorphic valuations (e.g. Chaminade et al., 2007; Spunt et al., 2016) .
To neutralize the effect of the finger movements over motor brain functions, we counterbalanced the experimental design so, four participants in each group (primatologist and control group) used their right index finger while the rest used the left one to indicate their emotional inferences. As well, to avoid the effect of mere visual stimulation over the primary occipital cortex, the scrambled pictures were edited with the same intensity and gray color than the pictures representing faces.
Human pictures represented 20 female and 20 male faces; nonhuman primate pictures represented seven new world primates and 14 old world primates species (see Table 2 ); non-primate animals represented 27 terrestrial or marine mammals, seven birds, and three reptiles species (see Table 3 ).
Brain images acquisition and analysis
Brain images were acquired in a 3 T Discovery MR750 GE MRI scanner (General Electric Company USA), with a 32-channel head coil, at the Resonance Magnetic Unit, Institute of Neurobiology, Universidad Nacional Autónoma de México. Anatomical high-resolution images were acquired using a 3D SPGR (spoiled gradient sequence) protocol: Note: No statistical differences between groups were observed when the Kruskal-Wallis test was applied.
Table 2
Non-human primate species represented in the pictures used for the experimental design. Image analyses were performed with FSL (FMRIB Software Library) (Smith et al., 2004) . Voxels belonging to the neck and other non-brain tissues were eliminated for each participant's series of images by using the BET software. Functional images were analyzed using the FEAT tool (FMRI Expert Analysis Tool) implemented in FSL with statistical execution based on the General Lineal Model. Data pre-processing included slice-timing and motion correction, spatial smoothing with a gaussian kernel (FWHM = 6 mm) and brain extraction. For each participant, functional datasets were co-registered with their high-resolution images and these to the MNI-152 brain template (Montreal Neurological Institute anatomical brain template).
Since the two contrasted groups included seven subjects, and may not be considered to have statistical power, we acquired three independent runs per subject combined with a mixed effects subject average to strengthen the statistical results. In addition, all our fMRI data analysis included corrections for multiple comparisons. Activation maps contrasting the kind of stimuli were estimated with FSL's FILM (FMRIB's Improved Linear Model), and contrasts between groups (primatologists vs. controls) and between conditions in the primatologists group (human vs. non-human primate vs. non-primate animals faces) were estimated using FLAME (FMRIB's Local Analyses of Mixed Effects) correcting for multiple comparisons. Since each run series alternated two kind of stimuli (human or non-human primates, or non-primate animals faces) presented in other run series too, the statistical contrast to obtain the brain functional maps associated to each kind of stimuli considered the same stimuli presented in two run series so, the statistical contrast was formally made considering 14 subjects for each contrasted group.
Results
Contrasted brain activity between primatologists and control subjects while watching humans, non-human primates and non-primate animals is presented in Table 4 and Fig. 1 .
Brain activity identified for the primatologist group and contrasted while watching human, non-human primates and non-primate animals is presented in Table 5 and Fig. 1 .
Discussion
Cerebellar activity was present in primatologists when their activation map was contrasted with the control group while watching both, human and non-human primates. Although the cerebellum is classically related to motor functions, some neurological proposals indicate its role in emotional regulation and other higher cognitive functions (Schmahmann, 1991) which is supported by cerebellar lesions provoking lack of affective recognition (Richter et al., 2005) . Our results agree with a cerebellar role in anthropomorphic perception since its activity is reported by fMRI when performing anthropomorphic valuations of computerized-animations (Chaminade et al., 2007) . Particularly, it may be necessary for emotional valuations performed by primatologists for both human and non-human primate species, since fMRI studies report cerebellar activity when evaluating the valence of human faces expressing a variety of basic emotions such as, fear, Notes: Results at p < 0.05 with the multiple comparison correction performed. L= left, R= right. Cluster size= number of voxels comprising the extended located brain region. Null= any activated brain region was identified for the contrast, suggesting that a similar function was presented for both groups.
happiness, anger, neutral expressions (Fusar-Poli et al., 2009) , empathy (Nomi et al., 2008) or even social emotions (Mercadillo et al., 2011) . Activity in the precuneus was observed in primatologists when contrasted with the control group while watching human faces. The function of this brain region is related to self-references of own body representations, and its joint activation with the cerebellum suggests attentional processes to bodily experiences related to sensory representations may be restricted for human valuations (Soon et al., 2008) . Conversely, primatologists presented frontal activation in premotor and supplementary motor related regions (BA 6 and 8) associated with integrative functions required for complex and coordinated movements. Since motor activations provoked by the finger movement was neutralized in the experimental design, this cortical activity may imply imaginary processes involving attention to sensory and motor experiences, as previously reported while incited attention and imagery body members (Bauer et al., 2014) .
Different than primatologists, the control group manifested activity in the frontal cortex, lingual gyrus and cuneus when watching nonprimate animals. This activity agrees with previous reports indicating anthropomorphic judgments and visual analysis when people with no training in animal behavior watch animated movements (Chaminade et al., 2007) or non-human animals (Cullen et al., 2014) .
So, primatologists may implement fine motor and sensory processes through a network comprising cerebellar, sensory and motor cortical functions to carefully infer only primate (human and non-humans) emotional expressions, but a biological bias indicated by the precuneus may be presented when watching humans (Chaminade et al., 2007) .
Analysis performed for only the primatologist group identified activity in motor cortical regions related to interpret own and others' actions (Brodmann area 6) (Chaminade et al., 2007) when contrasting humans vs. non-human primates, but not when contrasting humans vs. non-primate animals. Also, when contrasting non-human vs. human primates, activation was observed in the lingual gyrus and the occipital association cortex suggesting a more accurate visual analysis of emotions (Fusar-Poli et al., 2009; Mercadillo et al., 2011) . These results may suggest that the influence of training over primatologists is presented for primate species but not for other non-primate animals.
In addition, no activation was identified when contrasting non-primate animals vs. humans and non-human primates, implying that the brain function required to process non-primate animals is also used to process primates (humans and non-human). In this sense, it is interesting that we did not identify contrasting activation of the amygdala, typically related to emotional inferences, this may be due to the fact that our results show contrasts of the same task between groups, i.e. infer emotion while watching human, non-human primates and nonprimate animals. A similar rational can be applied to the temporoparietal brain junction related to mentalizing and theory of mind required to infer others' emotional states (Saxe and Wexler, 2005) because these processes may be required for any kind of animal stimuli.
Conclusions
Results supported our hypothesis about that primatologists perform sensory and motor processes based on frontal, occipital and cerebellar functions to infer emotions in non-human primates. The differences with the control group may suggest that training and experience influences the anthropomorphic attributions of primatologists, possibly allowing more accurate interpretations of emotional expressions of primates, but not of other animals. Also, agree with proposals indicating that emotional attributions are not only made by conceptual learning but by sensory and motor learning and practices (Spunt et al., 2016) . So, the influence of training and experience may be considered as a brain plasticity process which allows the generation of inner motor and sensory models through frontal and cerebellar interactions (Di Pino et al., 2014) which require imagined movements guided by learned information (Bennett and Hacker, 2005) .
Future designs with larger samples are necessary to elucidate the influence of similar morphologies between species (Kiley-Worthington, 2017) to identify networks of brain activity to infer emotions to be useful for the elaboration of more accurate ethological methodologies and discussions about animal mind. Also, the category of the species such as, domestic, in danger or popular, could be considered since this cultural issue may influence anthropomorphic judgments used for biological conservation (Chan, 2012) .
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